95% CI 2.59 (1.70-3.93), p < 0.001], respectively. AST values above normal were associated with fibrosis (63 vs. 40% for normal AST, p = 0.010). Elevated ferritin levels pointed to a higher incidence of steatosis (48 vs. 10% for normal ferritin, p < 0.001) and inflammation (87 vs. 62% for normal ferritin, p = 0.004). Conclusions: Our results indicate that elevated AST and GLDH were associated with a greater likelihood of recommending liver biopsy. Elevated AST and ferritin levels were associated with steatosis, inflammation and fibrosis on liver biopsies. Thus, AST and ferritin may be useful non-invasive predictors of liver pathology in patients with unclear hepatopathy.
Introduction
Liver enzymes and cholestasis parameters are widely used for screening and monitoring hepatobiliary disorders. Elevated liver enzymes are rather common, at least in Western countries. It has been suggested that 10-25% of German adults have increased alanine aminotransferase (ALT) levels [1] . An abnormal liver chemistry has been reported in 1-4% of asymptomatic individuals and is commonly discovered incidentally in routine laboratory testing [2] . The dilemma of testing for ALT is that elevated ALT levels have been identified in patients without liver disorders [3] , but increased liver enzymes were also closely linked with liver disease and pathological changes in liver tissue.
One of the most common diagnoses in patients with abnormal ALT values is fatty liver disease [4] . A population-based survey in the United States showed abnormal ALT values in 8.9% of persons; this may be related to the greater prevalence of obesity in the last few years [5] . ALT levels were shown to correlate with the body mass index (BMI), increasing significantly over time [6] . However, the latter study contained many patients (45%) whose elevations remained unexplained. ALT was increased in the majority of, but not all, German patients with acute and chronic liver disease [1] . It may even be of predictive value for survival. Screening for elevated liver enzyme activity in a large German cohort of construction workers demonstrated a strong relationship between elevated liver parameters, early retirement, and mortality [7, 8] . Furthermore, elevated serum levels of aspartate aminotransferase (AST) and ALT registered in routine medical care were reported to be associated with future mortality in community residents [9] .
Liver biopsy is a diagnostic gold standard, and is performed to establish a precise diagnosis in patients with long-term elevations in liver parameters. However, a liver biopsy involves the risk of bleeding, perforation, and infection [10] . Given the low prevalence of clinically significant liver disease -a mere 1% of patients -and the limited value of blood tests for distinguishing between patients with severe and those with benign liver disease, more precise prediction of the need for liver biopsy would be a significant step forward in the diagnostic algorithm of liver disease. A liver biopsy is considered mandatory to establish the diagnosis in asymptomatic patients with elevated ALT levels [11] . Nevertheless, a rational approach to liver biopsy is most urgently needed [12] .
Independent of published recommendations, the decision to perform a liver biopsy is a major diagnostic step. In a prospective investigation of patients with abnormal serum aminotransferase levels, liver biopsies revealed steatosis or steatohepatitis in 84%. An initial dietary treatment approach was used in these patients, resulting in considerable weight loss. It proved to be an effective treatment in many patients and obviated the need for liver biopsy [13] . In a further study comprising 36 patients with chronic elevations of serum ALT, AST or alkaline phosphatase (AP) levels, the liver biopsy changed the diagnosis in just 5 individuals, and influenced the treatment in 12 patients. The authors concluded that the risks and benefits of liver biopsy should be weighed carefully, especially when investigational therapies are not available [14] . Hay et al. [15] described 47 patients with chronic elevated aminotransferase levels, who underwent full evaluation and liver biopsies. The patients had no clinical symptoms of liver disease. Steatohepatitis was diagnosed in 10 patients while chronic hepatitis was established in 34, of whom 16 had evidence of cirrhosis on biopsy and 3 had miscellaneous diagnoses. Nonetheless, in some cases liver biopsy provides meager additional information, such as in patients with mild fibrosis [16] . It has also been mentioned that patients with elevated liver enzymes may have a normal liver histology [17] .
Liver biopsy and histological assessment of the liver remains an important diagnostic tool in clinical management. The current AASLD recommendations for liver biopsy mention three major categories: (a) for diagnosis, (b) for the assessment of prognosis (disease staging), and/ or (c) to assist in making therapeutic decisions [18] .
To determine suitable candidates for liver biopsy, we evaluated the impact of abnormal liver chemistry on the decision to perform liver biopsies. This was a retrospective single-center assessment of patients who presented at our outpatient hepatology department.
Methods

Patient Cohort
Patients with a medical history of unclear hepatopathy and negative tests for viral hepatitis A, B, or C, referred by general practitioners and treated at the outpatient hepatology department of the University Medical Center of Mainz between 2007 and 2010, were analyzed retrospectively. Of 504 patients, 240 (47.6%) were male and 264 (52.4%) were female. Patients with known preexisting hepatic conditions such as autoimmune hepatitis, primary biliary cirrhosis, primary sclerosing cholangitis, frequent alcohol consumption, or liver cirrhosis were excluded. Patients with a positive CMV test were also excluded. Data were obtained from patient files in the SAP TM hospital information system, discharge summaries, history sheets, and ultrasound investigation. The patients' BMI, laboratory values, date of birth, and gender were registered. Pathological data concerning steatosis, fibrosis, inflammation, and cirrhosis were taken from the medical files.
Data Analysis
Microsoft Excel TM and SPSS 17 for Windows TM were used for data archiving and analysis. Patients who underwent liver biopsy directly after initial presentation or within a 6-month period when elevated liver enzymes did not improve were identified as those recommended to undergo a biopsy. All other paRey et al. 312 tients were considered to have received no recommendation for a biopsy. Laboratory data were classified as normal, reduced, or increased.
Statistics
In univariate analyses we compared, for each parameter, the relative frequency of a recommendation to undergo a biopsy between patients within and out of the normal range of the parameter by performing χ 2 tests. The same type of analysis was performed to compare relative frequencies of abnormal pathological findings between groups. For multivariate analyses we used mul- 313 tiple logistic regressions to identify those variables that made the most important contribution to the recommendation for a liver biopsy. Hosmer-Lemeshow test statistics and the area under the receiver operating curve were used to determine the quality of model fitting and discrimination, respectively. As this was an exploratory study, all analyses were considered exploratory; p values were only given for descriptive reasons.
Results
Laboratory Data in a Large Cohort of Hepatitis A-, B-, or C-Negative Patients with Elevated 'Liver Enzymes'
We analyzed, in a retrospective single-center study, 504 patients who attended our hepatology outpatient center; 240 patients (47.6%) were male and 264 (52.4%) were female. Unclear hepatopathy was suspected on clinical investigation in 399 patients (79.2%) prior to their admission to the hospital. Non-alcoholic fatty liver disease (NAFLD) was suspected in 90 patients (17.9%) ( table 1 ). The patients' medical records revealed 149 registered laboratory parameters ( table 2 ). Excluding unavailable patient records, laboratory values were evaluated for 473 patients. In addition to BMI and age, nine liver laboratory parameters known to be indicators of liver function were selected ( table 3 a). Median values of AP, bilirubin and ferritin were in the normal range. In contrast, glutamate dehydrogenase (GLDH), AST, ALT, γ-glutamyl transferase (γ-GT), prothrombin time and platelet agents were above the upper limit of normal. The patients' median BMI was 27 (min. 18, max. 44) and their median age 48 years (min. 15 years, max. 87 years). Abnormal metabolic values were seen in 24.5-32.3% of patients ( table 3 b).
Ultrasound of the Liver 421 (83.5%) patients underwent ultrasound investigation of the liver. Hepatic steatosis was suspected in 262 (62.3%) and cirrhosis in 10 patients (2.4%); 78 patients (18.5%) had no pathological findings on ultrasound. Doppler ultrasound findings were not evaluated.
Single Liver Enzymes and the Indication for Liver Biopsy
Among the selected blood parameters, median values of ALT, AST, γ-GT, GLDH, prothrombin time, and platelet agents were above normal ( table 3 a). These and three additional variables were analyzed with regard to their role in the decision to perform a liver biopsy. Table 4 summarizes univariate analyses of the association among these variables and the recommendation for biopsy. Transaminases, GLDH and ferritin differed significantly in their contribution to the recommendation to perform a liver biopsy when the respective values were above the normal range. Specifically, above-normal GLDH levels influenced the recommendation to undergo a liver biopsy in 61% of cases, compared to 33% in patients with normal GLDH levels. For multivariate analysis, thrombocytes, AP, GLDH, AST, ALT, γ-GT, bilirubin, prothrombin time, ferritin and gender were analyzed with respect to their impact on performing a biopsy. All other parameters [BMI, ultrasound, cholesterol, albumin, cholinesterases, lactodehydrogenase (LDH)] were excluded because of the large number of missing values and because univariate analyses indicated their minimal impact on the decision to perform a biopsy. Forward and backward stepwise logistic regression using a likelihood ratio p value of ≤ 5% and >10% as variable inclusion and exclusion criterion, respectively, both identified an AST value above the nor- 
Liver Biopsy
In 201 patients (39.9%), liver biopsy was recommended immediately after the clinical consultation of a hepatologist at our outpatient center. 162 patients (32.1%) underwent a liver biopsy after their first consultation. These patients had various stages of steatosis, inflammation, or 
Laboratory Results and Pathological Findings on Liver Histology
For any histology result (steatosis, inflammation, fibrosis, cirrhosis) compared with one of five laboratory values (GLDH, AST, ALT, γ-GT and ferritin) that had a significant influence for a recommendation for liver biopsy, no differences could be detected in the pathology result, neither in normal nor in values above the normal range ( table 6 ) .
Detailed histological results were compared to those parameters that contributed significantly to the recommendation to undergo a biopsy. AST levels above the normal range (>35 U/l) were related to fibrosis on liver biopsy (63 vs. 40%, p = 0.010). Ferritin values above normal were strongly associated with pathological results for steatosis (48 vs. 10%, p < 0.001) and inflammation (87 vs. 62%, p = 0.004). Pathological data were found in 96% of patients whose ferritin was above normal, but only in 83% whose ferritin levels were normal (p = 0.066). The most common pathological findings in parameters that contributed significantly to the recommendation to undergo liver biopsy were inflammation and fibrosis. Inflammation was detected in 67% of patients with elevated γ-GT and in 87% with elevated ferritin levels. Fibrosis was seen in 63% of patients with AST levels above normal and in 53% of patients with elevated GLDH. When γ-GT and GLDH were elevated, pathological data of any type were noted in 86% of patients.
Discussion
Diagnostic evaluation of patients with unexplained liver pathologies still is a challenge for the gastroenterologist. The specificity of parameters used to determine liver disease is low. In clinical routine, patients with (marginally) elevated liver enzymes frequently reveal no serious liver pathologies [13] . In a recent study, NAFLD was reported to be the most common diagnosis in patients with elevated liver enzymes [19] . ALT was reported to correlate with BMI [20] . Elevated liver enzymes were shown to be associated with higher mortality. Thus, patients with a serious liver condition must be identified promptly. About one fifth of our patients had abnormal metabolic values ( table 3 b), although the median BMI of all patients was 27. However, our data provide no confirmation of the thesis that obesity and elevated cholesterol levels influenced the decision to perform a liver biopsy, although these parameters are hallmarks of NAFLD or NASH. An ultrasound investigation was performed in 83.5% of patients. Hepatic steatosis was suspected in 62.3% and liver cirrhosis in a mere 2.4%. Of 162 patients who underwent liver biopsy directly after the initial consultation, 37.7% had hepatic steatosis on histopathological investigation. This amounted to a lower prevalence of pathological findings than reported previously [21] . These differences may be explained by the fact that liver biopsies are liberally recommended at our outpatient center. However, our results indicate that a substantial number of patients with unclear hepatopathy had steatosis in their liver biopsy specimens. Despite contrary reports, the most common histological findings in our study were inflammation and fibrosis [21] . Thus, some patients with unclear hepatopathy appear to have been in advanced stages of liver damage at the time of biopsy. This highlights the importance of performing liver biopsy on a timely basis, especially with respect to its therapeutic consequences [18] . In our data, the most common pathological findings on liver chemistry were those of ALT, AST, γ-GT and GLDH. Bilirubin levels were normal.
ALT is an unreliable parameter because it varies in relation to gender, age, and other factors. It is also unreliable because of various reference standards used in laboratories. Therefore, comparing values across laboratories may not be helpful [22] . In our analysis, an increase in ALT did not affect the decision to perform liver biopsy alone. It has been suggested that ALT may be a better indicator of liver disease because of its limited tissue distribution. Mild disorders of liver homeostasis are associated with the release of cytoplasmic enzymes, whereas severe injury results in greater release of cytoplasmic and mitochondrial AST. Despite these considerations, our data suggest that a rise in AST and GLDH rather than ALT or γ-GT is crucial for the decision to perform a liver biopsy. However, GLDH has been rarely investigated as a marker in unclear hepatopathy. Some recently published data provided evidence of GLDH as a biomarker in the assessment of patients with acetaminophen-induced liver injury [23] .
Our results indicated that most patients who underwent liver biopsy had at least one pathological value, including those with no changes in AST, GLDH, or ferritin. It may be concluded that, notwithstanding the results of laboratory tests, liver biopsies should be performed liberally. Based on our own liberal approach, we identified pathological findings in as many as 92% of patients. Normal transaminases were no valuable criterion to exclude patients from liver biopsy [24] . In addition to laboratory data, the patient's clinical symptoms, drug history and medical history should be given priority when deciding to perform a liver biopsy [25] [26] [27] [28] [29] [30] [31] [32] [33] .
We lack sufficient data to justify the use of non-invasive diagnostic procedures alone in patients with ambiguous liver disease. However, although it is common practice to rely on ALT and GLDH (because these parameters have been significantly linked with liver biopsy), we showed that above-normal AST and ferritin levels may be of even greater predictive value in regard of the histopathological result. In our patients, elevated ferritin levels were significantly associated with steatosis and inflammation on histopathology than normal levels of ferritin. Patients with elevated AST values had fibrosis significantly more often compared to patients with normal AST levels. It has been reported that above-normal ferritin values may be a predictor of advanced hepatic fibrosis in patients with NAFLD [34] . Although histological evaluation of the liver has become important in assessing prognosis and tailoring treatment, non-invasive techniques (such as imaging investigations or blood tests) may replace the use of liver histology in this setting, particularly for the assessment of the severity of liver fibrosis [18] .
Despite these findings, our data suggest that elevated ferritin values are predictive of inflammation and hepatic steatosis in liver-biopsied patients with unclear hepatopathy. However, other authors have reported no significant difference in these parameters [35] . This may be partly due to the different sizes of patient cohorts. Ours contained more than 500 patients and was larger than the majority of sample sizes investigated so far. Thus, ferritin might be of greater importance in decision-making for liver biopsy in patients with unclear hepatopathy.
Multivariate analysis in our study showed that AST levels influenced the decision to perform a liver biopsy. AST levels above normal were predictive of fibrosis. A correlation between AST and liver fibrosis was previously studied as part of the AST-to-platelet ratio test (APRI). These data suggested the predictive value of liver fibrosis when the APRI test result rose to above 0.7. However, APRI was of limited use in the diagnosis of fibrosis in many patients [36] .
The American Gastroenterology Association (AGA) recommends liver biopsy as a useful prognostic and diagnostic test in patients with elevated serum liver chemistry for longer than 6 months. However, even with a high rate of patients undergoing immediate liver biopsy on the recommendation of an experienced hepatologist, we detected a high rate of pathological findings. Thus, the decision to perform a biopsy must be adjusted to the patient's symptoms, liver chemistry abnormalities, age, lifestyle, the desire for prognostic information, and associated comorbid conditions [37] . According to previous reports, the principal value of biopsy tissue is to identify a pattern of injury from which diagnostic options may be considered, assessed, validated, or discarded [38] . In contrast, the AASLD recommends a liver biopsy in patients with questionable diagnoses, and when knowledge of a specific diagnosis is likely to alter the management plan. Furthermore, it has been suggested that liver histology is an important adjunct in the management of patients with known liver disease [18] .
Overall, our data clearly suggest the necessity and value of routine testing of liver enzymes, as well as emphasize the need for further evaluation and a better understanding of these tests for clinical decision-making, especially with respect to liver biopsy. In the majority of cases, a change in lifestyle may be the appropriate recommendation to improve liver enzymes. However, the diagnosis of liver inflammation or liver fibrosis may highlight the urgency to determine the underlying cause of a change in liver homeostasis and closer monitoring of liver disease to prevent life-limiting conditions.
The limitations of the present study are worthy of mention. First, not all virological parameters were available in order to exclude the patients from the study. Second, liver histology was performed percutaneously and by mini-laparoscopy in the endoscopic unit. Sampling errors may have occurred in the procedures. Third, ultrasound findings are of limited value because they were evaluated retrospectively and may have been influenced by the examiner. Finally, as the patients' medical histories were not available, the influence of liver pathologies cannot be ruled out.
In conclusion, this retrospective single-center study indicated that AST and GLDH values above the normal range had the greatest influence on the attending hepatologist's decision to perform a liver biopsy. However, elevated AST and ferritin levels varied markedly in terms of the severity of steatosis, inflammation, and fibrosis in liver biopsies of patients with abnormal liver tests of unknown etiology.
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